Abstract. Using natural nests of eight bird species, we provide one of the first multispecies tests for edge effects on reproductive success in a forested landscape. Our primary objective was to assess whether distance to the edge of recent clearcuts was related to nesting success in intact northern hardwood forests. Estimated nest success was generally lower for the two ground-nesting species than for the six canopy-nesting species. Brood parasitism was <3% for species which typically accept eggs of the Brown-headed Cowbird (Molothrus ater), and nest predation was the most common cause of nest failure. Probability of nest failure was influenced by distance to forest edge for the ground-nesting Hermit Thrush (Catharus guttatus) and Ovenbird (Seiurus aurocapillus), but not for six canopynesting species. For the Hermit Thrush and Ovenbird, nest success relative to decreasing distance to the edge was reduced during the nestling stage, but not the incubation stage. Nest density appeared to be higher in forest zones near the clearcut edge for ground-nesting and for several canopy-nesting species. Our data suggest that the effect of proximity to edge on nest success for ground-nesting species may penetrate 300 m into intact forest, while the effect of proximity to edge on nest density may penetrate farther. These data suggest that the creation of openings in forested landscapes reduces nest success and increases nest density for some species of migratory birds in a zone adjacent to the opening. This pattern supports the notion that "ecological traps" may exist for ground-nesting birds in areas near recently created forest openings. Because areas of contiguous forest (e.g., publicly owned forest) in the Upper Great Lakes remain relatively intact, they may serve as source habitat for regional songbird metapopulations.
INTRODUCTION
Studies of natural and artificial nests in fragmented forest landscapes have often found a negative correlation between nest predation rates and distance to a forest edge (Gates and Gysel 1978 , Andren and Angelstam 1988 , Burger 1988 , Mgller 1988 , King et al. 1996 . In addition, for some songbirds, nest density is correlated negatively with distance to forest edges (Gates and Gysel 1978 , Chasko and Gates 1982 , Kroodsma 1984 . Brood parasitism by Brown-headed Cowbirds (Molothrus ater) has also been shown to reduce nesting success near forest edges (Brittingham and Temple 1983, Askins 1995) . A conservation dilemma exists if nest predation rates, parasitism rates, and nest density are all correlated negatively with distance to edge. Gates and Gysel (1978) suggested that forest birds breeding in areas adjacent to forest edges were attracted to such areas and settled at high densities but were then exposed to increased probability of nest failure. They called this phenomenon an "ecological Manuscript received 17 June 1999; revised 15 November 1999; accepted 23 November 1999. Present address: School of Forestry and Wood Products, Michigan Technological University, 1400 Townsend Drive, Houghton, Michigan 49931 USA. E-mail: djflaspo@mtu.edu trap," and speculated that forest edges create zones of -high songbird nest density and high nest failure rates relative to areas more distant from edges. Such an ecological trap could potentially exacerbate adverse effects of edges in fragmented forest landscapes (Temple and Cary 1988) . Few studies have been designed to test the ecological trap hypothesis (Yahner and Wright 1985 , Angelstam 1986 , Ratti and Reese 1988 .
Many studies that have tested for the presence of edge-related variation in nest success of forest birds have been conducted in landscapes dominated by agriculture ("woodlot" landscapes) where rates of nest predation and brood parasitism are high (Gates and Gysel 1978 , Yahner and Wright 1985 , Santos and Telleria 1992 , Linder and Bollinger 1995 . When landscapes are dominated by forest cover and all edges are associated with gaps in the forest (forested landscapes), cowbird parasitism is often rare, and predation may be the primary mechanism influencing nest success and productivity. Compared to woodlot landscapes, forested landscapes have received far less attention from researchers interested in edge effects on avian nest success (~ i ~~ h ~ and ~~~~l~ 1983 (~ i ~~ h ~ and ~~~~l~ , paton 1994 (~ i ~~ h ~ and ~~~~l~ , ~i~~ ~ i ~ ~ et al. 1996 (~ i ~~ h ~ and ~~~~l~ , Robinson 1996 . We examine species-specific edge effects among a diverse assemblage of birds nesting in a forested landscape. Because nest parasitism was rare in this study, our estimates of nest success are not subject to potential complications associated with the interaction of nest predation and nest brood parasitism (Pease and Grzybowski 1995) .
Most studies of edge effects on nest success have used artificial nests (Wilcove 1985 . Paton 1994 , Major and Kendal 1996 , Hartley and Hunter 1998 . While such studies can identify general patterns of variation in nest predation intensity, it is generally acknowledged that artificial nests do not have daily survival rates similar to real nests (Willebrand and Marcstrom 1988 , Reitsma et al. 1990 , Haskell 1995 , Sloan et al. 1998 , Wilson et al. 1998 , and that predation and brood parasitism rates on artificial nests may be poorly or inconsistently correlated with predation and brood parasitism rates on real nests (Butler and Rotella 1998, Ortega et al. 1998) .
Here, we examine edge effects on nest success and nest density for natural nests of eight bird species in a forested landscape in which edges are created by clearcutting. We also used data from these eight species (two ground nesters and six canopy nesters) to determine whether nest type and location influence the relationship between nest success and distance to edge.
We established nine study plots (mean size = 19.3 ha, range 10.2-28.5 ha) in the Nicolet National Forest in Vilas and Forest Counties, Wisconsin, USA, and the Northern Highland-American Legion State Forest, Vilas County, Wisconsin, USA (Fig. 1) . The nine study plots (replicates) were chosen because they had: (1) similar structural characteristics (unevenly aged northern hardwood and mixed hardwood); (2) similar compositional characteristics (all sites fell into either the Acer-Tsuga/Maianthernurn or the Acer-Tsuga/Dnopteris types described by Kotar [1988] ); (3) similar management histories (based on U.S. Forest Service records); and (4) similar forest-stand classifications (based on U.S. Forest Service stand maps).
Macrotopography of the plots consisted of gently rolling hills with rare but regular kettle bowls. Elevation ranged from 457 to 522 m above sea level. Microtopography was characterized by numerous tip-up mounds of varying ages and degrees of decomposition. The study plots and much of the surrounding forest supports stands that regenerated after widespread clearcut logging and slash fires in the late 1800s and early 1900s (Stearns 1990) .
Our study areas were in forests that ranged in age from 15 to 40 yr since the last major selective harvest. On all study plots, forests were dominated by sugar maple (Acer saccharurn), yellow birch (Betula alleghaniensis), and red maple (Acer rubrurn), with eastern hemlock (Tsuga canadensis), paper birch (Betula papyrifera), American basswood (Tilia arnericana), balsam fir (Abies balsamea), white ash (Fraxinus arnericanus), and ironwood (O.~trya virginiana) each making FIG 1. Map of nine study sites in northeastern Wisconsin, USA. Site 1 is in the Northern Highland-American Legion State Forest (Vilas County). Sites 2-9 are in the Nicolet National Forest (Vilas and Forest Counties). Site names are as follows: (1) Camp 2, (2) Pine Sap, (3) Anvil Lake, (4) Bear, (5) Kaine Lake, (6) Brule River, (7) Huff Creek, (8) Holt Road, and (9) Popple River.
up between 1% and 5% of total stems (D. J. Flaspohler, unpublished data). The shrub layer was composed mainly of leatherwood (Dirca palustris), beaked hazel (Conlus cornuta), and saplings of the dominant trees. The ground layer included dense carpets of spring ephemerals, sugar maple seedlings, patchy mats of clubmosses (mostly Lycopodium spp.), wild leek (Alliurn tricoccurn), and other plants. The shrub layer varied in density and structural complexity from relatively open under closed canopy conditions to dense and difficult to penetrate within tree fall gaps and in scattered dense stands of 1-3 m tall balsam fir.
We focused on the eight most common songbirds nesting on our plots: Least Flycatcher (Ernpidonax minirnus), American Robin ( T~~r d u s rnigratorius), Hermit Thrush (Catharus guttatus), Red-eyed Vireo (Vireo olivaceus), Black-throated Green Warbler (Dendroica virens). Ovenbird (Seiurus aurocapillus), Scarlet Tanager (Piranga oli~,acea), and Rose-breasted Grosbeak (Pheucticus ludo~~icianus). Several other less common songbird species also nested on the study plots, but small sample sizes precluded analyses.
Each study plot was embedded in a large, contiguous forest stand adjacent to a recent (56-yr-old) clearcut which was '10 ha (mean clearcut size = 21.6 ha, range 8.0-48.0 ha). The clearcuts (mean time since clearcut = 4 yr, range 1-6 yr) provided a relatively large opening with a sharp boundary with adjacent intact forest. All these forest-clearcut edges (hereafter referred to as "forest edges") could be classified as "hard edges" with abrupt transitions between the clearcuts and the adjacent forest. In all cases, the forest edge could be accurately delineated based on ground observations and aerial photos. We measured the distance from each nest to the forest edge by pacing, with a known conversion to meters, or by measuring the distance on a gridded map of each plot.
We classified each bird species as either a ground nester (nests typically located directly on the ground or within leaf litter) or a canopy nester (nests typically located 4-25 m above the ground). Plots were searched for nests from mid-May to late July in 1995 July in , 1996 July in , and 1997 . Plots were marked with a 50-m grid system to facilitate relocating nests. Nests were found by observing birds during nest building and food carrying and by flushing birds from nests by chance. Workers distributed their search effort as evenly as possible throughout the plot. To reduce observer biases, each plot was searched by at least two workers each year. Thus, nest data from each plot were the result of the search efforts of at least six individuals (2 individuals1 yr X 3 yr).
Upon finding a nest, workers recorded the stage of nesting and location of the nest on a nest-record card. See Martin and Conway (1994) for a complete description of the protocol. Nests were revisited every 2-5 d to monitor clutch size, onset of incubation, date of hatching, and fate of the nest. All habitat data from the nest site were gathered at the end of the nesting period, between mid-July and early August.
We used the following precautions to reduce the risk of observer-induced effects on nest success (Martin and Geupel 1993) : (1) nest checks were brief (2-5 s), (2) when checking ground nests, workers walked a path which continued beyond the nest (to prevent leaving a dead-end trail), and (3) we noted whether species of the family Corvidae were nearby prior to a check and did not visit nests when they were. The effect (positive or negative) of observation on nest success is poorly understood, and requires further empirical study (Ortega et al. 1997) .
Nests that fledged at least one young were considered successful. Observations of fledging, fledglings near the nest, parents feeding fledglings, or whitewash on or near an undisturbed nest within two days of a prior visit were taken as evidence of a successful nest. Nests failed due to: depredation, weather events, human observer errors, adult mortality or abandonment. Nest failure was attributed to adult mortality when adult remains (e.g., feathers) were found at the nest, or when eggs or chicks were found dead (i.e., starved) in a nest. We also noted when nests were abandoned before the first egg was laid, although we did not consider these early abandonments in our analyses. We assumed that a nest had been depredated when it was found empty after having previously contained at least one egg or nestling, except when fledging had possibly occurred. The vast majority (>90%) of nest failures were the result of depredation. For this reason, we present data on all causes of nest failure (Table l) , but use only those nests that successfully fledged young or failed due to predation in our analysis of edge effects.
Potential predators on songbirds (nests andlor adults) that were seen on the study plots during three years of field work were: Sharp-shinned Hawk (Accipiter striatus), Northern Goshawk (Accipiter gentilis), Broadwinged Hawk (Buteo plavpterus), Barred Owl (Striw varia), American Crow (Corvus brachyrhynchos), Common Raven ( C o n u s cora.~), Blue Jay (Cyanocitta cristata), red squirrel (Tamiasciurus hudsonicus), eastern chipmunk (Tamias striatus), least chipmunk (Eutamias minimus), northern flying squirrel (Glaucomys sabrinus), deer mouse (Peromyscus maniculatus), shrew spp. (family Soricidae), fisher (Martespennanti), marten (Martes americana), mink (Mustela vison), black bear (Ursus americanus), raccoon (Procyon lotor), striped skunk (Mephitis mephitis), coyote (Canis latrans), red fox (Vulpes vulpes), and bobcat (Felis r~lfi~s).
We estimated daily survival rates using the Mayfield (1961 Mayfield ( , 1975 method. Exposure was calculated according to Mayfield's midpoint assumption. Because daily survival rates often vary between nesting stages, nest success was calculated separately for the incubation and nestling periods. The Mayfield estimate of survival does not account for partial nest loss (e.g., a nest which fledges one young is equivalent to a nest fledging six young). If partial nest loss were common, Mayfield estimates of nest success rates might not be appropriate for calculating productivity (Donovan et al. 1995) . Partial nest loss in this study was rare (<1% of all nests).
We calculated nest success (Mayfield 1961 (Mayfield , 1975 ) using the program Micromort (Heisey and Fuller 1985) . While we recognize the importance of species-specific nest success as a unit of analysis, for some analyses, we pooled species according to nest location (i.e., ground or canopy). For multi-species calculations of nest success, we used an average weighted by exposure days to estimate nest success for the pooled group of birds. To make explicit the relationship between species-level response to edge and guild-level response to edge, we used pooled data on ground nests and canopy nests only when sample sizes for individual species did not permit testing for differences with reliability (e.g., tests for plot effects). Standard errors were calculated from standard deviation values generated by Micromort.
Comparisons of Mayfield nest success values between plots and years were done using the computer program Contrast, which uses a Chi-square analysis with multiple comparisons (Sauer and Williams 1989 (79) 7 (78) 25 (69) 5 (39) 3 (21) 0 (0) 8 (22) 10 (63) 7 (54) 12 (80) 29 (66) 4 (25) 2 (15) 1 (6) 7 (16) 0 (0) 1 (8) 0 (0) 1 (2) 1 (6) 0 (0) 0 (0) 1 (2) 1 (6) 3 (23) 2 (13) 3 (50) 1 (25) 0 (0) 0 (0) 3 (50) I ( 
Note See Methods for crlterla used to dlstlnguish causes of failure s We d~d not search for Amencan Robin nests In 1995 (20) t Mayfield (1961 Mayfield ( , 1975 nest success values calculated from exposure. $ We did not search for American Robin nests in 1995.
S. Chi-square comparison of differences between species for "all years" nest success. Rows with same superscript letter are not significantly different ( P > 0.05). For comparisons of nest success at different distances Second, we used logistic regression to examine the from the edge, we used cu = 0.05. We ranked the nine influence of distance to forest edge on nest fate. This plots in order of plot-level nest success for each spe-technique does not require that data from the indepencies. We then compared patterns of plot-level nest suc-dent variable be normally distributed (Hosmer and Lecess for ground nesters and canopy nesters. We also meshow 1989). Logistic regression also allowed us to tested for species-specific year and plot effects using fit a logit model to data from ground-nesting species logistic regression models. For all logistic regression which appeared to have a nonlinear or threshold disanalyses, we used simple nest fate (success = +. failure tribution based on the pattern generated by blocking = -) in place of Mayfield estimates. Statistical anal-nest success values by distance from edge. We genyses were conducted using SYSTAT (Wilkinson 1997) . erated second-order variables using a log transformaFor calculation of nest success at various distances tion of distance. In all logistic regression models, we from the forest edge, each plot was partitioned into tested five alternative models containing a distance to distance categories with similar numbers of nests in edge parameter against the model containing only a each category, based on Gates and Gysel (1978) . We constant. We included year and plot as categorical varused two methods to examine the relationship between iables and as a second measure of year and/or plot nest success and proximity to edge. First, we blocked effects. We used the inflection point of the logit model nests and compared nest success in two zones (0-300 for each species to test for threshold changes in nest m vs. 301-950 m from the forest edge). These two success at different distances from the forest edge. zones contained roughly equal numbers of nests for When this modeling exercise generated a significant most species. Using nest success values in the two model containing an edge parameter, we performed the zones, we used contingency tables to test the hypothesis identical logit modeling exercise on the outcome of the that nest success was different in the two zones. For incubation and nestling phases to explore the effect of species that showed significant differences between proximity to edge at different stages of nesting (i.e., nest success in the two zones, and for which we had prehatching and posthatching). In the first set of modsufficient sample sizes ( 2 2 0 nests). we then blocked els, the outcome was the logit transformation of the nests into smaller (100 m) zones and tested multiple probability of a nest being depredated during the full hypotheses related to effects at 100 m intervals from nesting period. In the second set of models, the outthe forest edge.
come was the logit transformation of the probability of Notes: Mayfield (1961 Mayfield ( , 1975 nest success values calculated from exposure.~A power analysis (for 20% change in nest success at a = 0.05; Motulsky 1995) for the six nonsignificantly different canopy-nesting species yielded the following estimates of power (1 -P): Least Flycatcher, 65.5%; Black-throated Green Warbler, 19.8%;Red-eyed Vireo, 15.9%;Rose-breasted Grosbeak, 18.4%; American Robin, 5.5%; and Scarlet Tanager, 11.5%. For data from all years pooled, only the Ovenbird had significantly different (P < 0.05) estimates of nest success in the two zones relative to the edge.
f Sample sizes of nests were insufficient to allow us to estimate nest success for single years.
the nest being depredated during the prehatching or posthatching stages. In all logistic regression models, we used Akaike's Information Criterion (AIC) (Akaike 1973 (Akaike , 1985 to compare models based on log-likelihood values (Burnham and Anderson 1992) . This method uses the Principle of Parsimony (Goodman 1984, McCullagh and Nelder 1989) to balance the competing tendencies of model underfitting and overfitting.
We calculated nest-density indices based on the number of nests found at different distances from the forest edge. Nests from all three years were grouped into 50-m zones relative to distance from the forest edge, and the number of nests in each zone was expressed as nestslhectare. We also expressed nest density as the annual and cumulative (1995) (1996) (1997) number of nests found in edge (<300 m) and interior (300-950 m) zones. We never found all nests on a plot and, therefore, our nest density estimates are indices to actual density. Use of observed nests as an index to actual nest density requires that two assumptions be met: ( 1 ) search effort is allocated evenly throughout the plots, and (2) nests were found randomly within each plot. Our nest search and data summary protocols meet these assumptions: (1) all field workers tried to spend equal time in all parts of the plots. (2) pairs of field assistants visited plots on alternate days, and (3) data on nest locations were pooled for three years and ten plots which would tend to dilute plot and year effects on density.
Variation in nest success across years, plots, and nest-site location
Predation was the leading cause of nest failure for all species (Table 1) . We located 488 nests during the three years of the study (Table 1) . Of this total, 383 were either successful or lost to predators and were included in our analysis of edge effects. Only four nests were parasitized by cowbirds (2 Ovenbird. 1 Hermit Thrush. 1 Black-throated Green Warbler). Rates of nest success did not differ (P 2 0.05) between any years for any species (Table 2) .
Nest success rates among species within years were (categorical variable: 1995, 1996, or 1997) ; PI = Plot (categorical variable: 9 plots; see Fig. 1 ). Akaike's Information Criterion (AIC) = -2(log-likelihood) + 2(number of parameters).
t These models represent the best fit to the data based on Akaike's Information Criterion (AIC).
significantly different ( Table 2 ). Numbers of nests for any given species were small on a per-plot basis. Separation of nest success data by species and by plot yielded insufficient sample sizes to allow tests of plotlevel variation using Chi-square analysis. Therefore, we pooled species by nest location (i.e., ground vs. canopy) to examine variation in nest success across plots. On all nine plots. canopy-nesting species had higher nest success than ground-nesting species (Table  3) . For ground-nesting species. nest success did not differ significantly between any two plots. Variation in nest success between plots for pooled ground nesters and pooled canopy nesters may have been the result of changes in the relative abundance of the nests of certain species. For example, a species with an overall low nest success (e.g.. American Robin) found in higher abundance on one plot depressed cumulative nest success for canopy nesters on that plot, while a species with high nest success (e.g.. Least Flycatcher) elevated cumulative nest success on a plot.
Variation in nest success relative to forest edge
For three years of pooled data. nest success was lower in the 0-300 m zone than in the 301-950 m zone from the forest edge for the ground-nesting Ovenbird (r-= 4.43, df = 1, P < 0.035) but not for the six species of canopy-nesting birds (Table 4 ). The difference in nest success values for the ground-nesting Hermit Thrush were nearly significant (X? = 2.99, df = 1, P < 0.083). For the full nesting period (prehatching and posthatching periods combined). logistic regression models containing a distance to edge parameter. either actual distance or log,,(distance). provided a better fit to nest fate data for the Hermit Thrush and Ovenbird (Table 5 ), but not for the six canopy-nesting species (Table 6 ). The probability of failure for Hermit Thrush nests during the entire nesting period decreased with increasing distance to the edge in a roughly linear function (Fig. 2) . Patterns of edge-related nest failure for the Ovenbird were not as linear as for the Hermit Thrush (Fig. 2) . Logit models for both the Ovenbird and Hermit Thrush were more or less linear with inflection points between 200 and 400 m. Thus. a threshold edge effect on nest success appears to exist for the Ovenbird at approximately 300 m (Fig. 2 ). while logit model suggests that the effect of distance to edge on Hermit Thrushes may be more diffuse.
Separation of the data from prehatching and posthatching periods and subsequent logistic regression analysis generated best fit models containing only a constant for the prehatching period, but containing a distance to edge parameter for the posthatching period. This suggests that differential nest predation relative to the edge takes place during the nestling stage, but not the incubation stage for the Hermit Thrush and Ovenbird (Table 5) . For the Ovenbird, plot and year effects had a stronger influence on nest success. and the best fit logit model contained three categorical parameters for year and nine parameters for plot. The best fit model for the Hermit Thrush did not contain parameters for year or plot.
Variation in nest density
Our indices of nest density suggest that the nests of several species were distributed nonrandomly within our plots (Figs. 3 and 4) . We found more nests in the 300 m nearest the edge than in the 301-950 m distance from the edge for all eight species (Fig. 4) . However, some species (Least Flycatcher, Scarlet Tanager. and Red-eyed Vireo) were rarely found nesting within 50 m of the forest edge (Fig. 3) . Nests of species typically associated with more open-canopy and forest-edge habitat, such as the American Robin and the Rose-breasted Grosbeak (Terres 1991) , were found much more frequently within 400 m of the forest edge and reached their highest density within 50 m of the forest edge (Fig. 3) . Nest success and nest-density patterns for the Ovenbird suggested a possible preference for edge habitat. To test for such a preference. we plotted nest initiation dates against distance from edge. This plot gen- Anthropogenic edges may create attractive habitats for some birds (Ratti and Reese 1988) . The attractiveness of such edges may be due to heterogeneity of vegetation at the edge and a related abundance of foraging or singing sites (Strelke and Dickson 1980. Morgan and Gates 1982) , or the density of nesting cover along edges (Bowman and Harris 1980, Redmond et al. 1982 , Sugden and Beyersbergen 1986 , Yahner and Cypher 1987 . Several studies conducted in the upper Great Lakes region have reported higher bird densities near edges (Gates and Gysel 1978 . Hanowski et al. 1993 , 1996 . Among studies that also looked at nest success, few have reported higher nesting densities in areas with relatively lower reproductive success (Thompson and Nolan 1973, Rodenhouse and Best 1983, Donovan et al. 1995) . However. such a pattern has been reported for Field Sparrows (Spizella pusilla; Fretwell 1969) . Savannah Sparrows (Passerc~cl~cs sandwichensis; Vickery et al. 1992) . California Towhees (Pipilo crissalis; Purcell and Verner 1998) . and five species of grassland birds (Johnson and Temple 1986) . Such findings lend support to the contention that population density can be a misleading indicator of habitat quality (Van Horne 1983) .
Nest predation has been shown to be density dependent for some species of songbirds (Dunn 1977) . Increased predator activity along edges may be a response to higher prey density (Johnston and Odum 1956, Gates and Gysel 1978. but see Donovan et al. 1997) or a reaction to the leading lines and travel lanes created by abrupt changes in vegetation (Bider 1968) . Our observed pattern of higher predation rates near forest edges supports Martin's (1988a, b) suggestion that predators may show numerical and functional responses to high nest densities by increasing the time and intensity of their search efforts along edges.
High nest predation rates near forest edges in woodlot landscapes are often attributed to a higher overall Ovenbird Incubation period Nestling period
LogLoglikelihood AIC likelihood AIC abundance of generalist, edge-adapted nest predators, such as raccoons or corvids (Wilcove 1985 . Ratti and Reese 1988 , Yahner and Scott 1988 , Andren 1992 . In forest opening landscapes, the effect of such generalist. edge-adapted predators may be reduced. Apparently greater rates of nest loss for ground nesters near edges indicates that ground nests may be vulnerable to a wide variety of predators whereas canopy nests may avoid predation from terrestrial predators unable or reluctant to climb high into trees. This different response to forest edge highlights the importance of examining species-specific patterns of nest success, and the potential for masking such relationships when nests from many species are pooled (e.g., Yahner 1991).
As an example, a study in northern Minnesota found no edge effect on nesting success using real nests in a relatively contiguous forest, but more than 90% of the pooled data were from canopy nests (Hanski et al. 1996) .
The nest predator community on our plots can be roughly divided into ground searchers and canopy searchers (e.g., terrestrial mammals vs. raptors and corvids). Our study sites were characterized by a closed-canopy forest with an open ground layer of vegetation. Nests on the ground are, therefore, located in a relatively simple structural matrix of vegetation. Alternatively, nests in the subcanopy and canopy are found in more complex three-dimensional vegetation matrix. Such conditions may make it easier for predators to find ground nests relative to canopy nests.
For ground-nesting species, density-dependent predation raises questions about our index of nest density. Nests lost to predation early in the breeding season are often replaced with new nests within a previously established territory (Van Horn and Donovan 1994) . Our estimate of nest density does not distinguish between initial nesting attempts and those initiated following nest failure. Higher predation losses in the zones adjacent to the clearcut may lead to more nests being initiated in this area relative to areas subject to lower predation pressure. One piece of evidence does, however, suggests that our index of nest density is not overly influenced by renestings: the relative nest density of 
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The model listed first represents the best fit to the data based on Akaike's Information Criterion (AIC). F = nest fate (0, successful; 1, depredated); C = constant; D = distance to forest edge; LD = log,,(D); Y = year (categorical variable: 1995, 1996, or 1997) ; P1 = Plot (categorical variable: 10 plots; see Fig. 1 ). Akaike's Information Criterion (AIC) = -2 (Loglikelihood) + 2(number of parameters).
all canopy-nesting species was higher near the edge (Figs. 3 and 4 ) even though these species (Least Flycatcher, Black-throated Green Warbler, Red-eyed Vireo, American Robin, Rose-breasted Grosbeak, and Scarlet Tanager) did not experience higher predation rates near edges (Tables 4 and 6 ).
Ecological trap hypothesis
The few tests of the ecological trap hypothesis have generated inconclusive results. with some studies find; ing support for the hypothesis (Chasko and Gates 1982 in transmission-line corridors; Johnson and Temple 1986 in tallgrass prairie: Purcell and Verner 1998 in oak-pine woodland) and others failing to find such a relationship in forested habitats (Yahner and Wright 1985 , Angelstam 1986 , Ratti and Reese 1988 . Our data for edge effects on nest success and nest density for the Ovenbird provide some support for the ecological trap hypothesis (Gates and Gysel 1978) . One explanation for the existence of an ecological trap is that anthropogenic edges elicit nonadaptive anomalies in habitat selection because such edges are relatively new features of many forested landscapes. Individuals that exhibit an attraction to areas of low nest success would presumably pass on fewer offspring. and the tendency toward edge attraction should be selected against. However, annual nest success is only one component of individual fitness (Newton 1989) . and alternative explanations exist which do not depend on the newness of anthropogenic edges to explain what appears to be maladaptive behavior. Birds may be attracted to the increased vegetative complexity found along edges (Gates and Gysel 1978) because they derive some benefit from increased vegetative complexity related to food. nest site cover, and singing or observation perches. Recent studies have suggested that one such variable resource could be arthropod abundance (Burke and No1 1998). For ground-nesting species, individuals choosing to nest near the forest edge incur a higher risk of depredation, but they may compensate by laying larger clutches (i.e., Ovenbird) or by raising multiple broods (i.e., Hermit Thrush). If food is more available near forest edges, birds arriving early in the breeding season may settle preferentially near edges, edge areas might be expected to support a higher density of breeding territories, and birds breeding in such areas may produce larger clutch sizes and raise more broods per year (Lack 1966 , Arcese and Smith 1988 , Perrins et al. 1991 . A plot of nest initiation dates for the Ovenbird did not show a clear pattern of preferential settlement near edges, however. For the Ovenbird, mean clutch size was significantly greater for nests within 300 m of the forest edge (4.93 ? 0.09, mean ? 1 SE, n = 27) compared to nests >300 m from the forest edge (4.27 2 0.14, n = 34; t = -3.83. df = 59, P = 0.0003). Clutch size varied little for the Hermit Thrush on our study sites between nests <300 m from the forest edge (2.79 ? 0.30, n = 33) and nests greater than 300 m from the forest edge (2.90 2 0.36, n = 20). Other studies have found that clutch size decreases in areas of relatively high nest density for individual species (Perrins 1965 . SasvBri et al. 1987 ) and for several species within a community (Gates and Gysel 1978). In some parts of its range, the Hermit Thrush is able to raise two or three broods per season (Jones and Donovan 1996) , while in the extensive literature dealing with Ovenbird reproduction, only three records exist of a second brood being raised after a successful first (Van Horn and Donovan 1994) . However. few studies of individual breeding Ovenbirds have been conducted. With the exception of the American Robin, the Hermit Thrush was consistently the first open-cup nesting species to initiate nest building and laying on our study sites (D. J. Flaspohler, ~cnpublished data). This may provide it with a longer potential breeding season in which to raise multiple broods.
Nest success and source-sink dynamics Variation in nest success for the Hermit Thrush and Ovenbird suggests that productivity may vary with distance from the forest edge. If productivity near the forest edge is dramatically reduced, it may not be sufficient to offset mortality, and "sink" habitat is created (Robbins 1979 , Pulliam 1988 . Individuals breeding within such sinks may not produce enough offspring to compensate for adult mortality. Alternatively, if productivity exceeds adult mortality. then areas may be considered "source" habitat which will sustain a population and generate emigration to other areas (Pulliam 1988) . For Hermit Thrush and Ovenbird populations in this study. local edge effects on nest success suggest that characterization of habitat as source or sink may occur at a relatively fine scale (<300 m).
Forest-breeding songbirds that suffer high nest failures near edges relative to the forest interior generally evolved in forested landscapes with relatively few edges in which different ecosystems were abruptly juxtaposed (Temple 1991) . Some songbirds may not recognize forest edges as potentially risky habitat. Returning juvenile songbirds often show loose philopatry and choose breeding territories with little apparent avoidance of edge habitat (Temple 1991) . Thus. while our data suggest that birds breeding near forest edges experience poor nest success, first-time breeders may not recognize edges as low-quality breeding habitat, and may in fact, choose such areas preferentially over forest-interior locations. Under these conditions. sink habitat near forest edges would continue to be popu- lated with breeding birds produced in source habitat.
The most obvious sources of surplus productivity are local areas further away from forest openings. However. few data exist on adult mortality rates relative to forest edges, and such information is needed to complete the picture of source-sink dynamics in forested landscapes.
Consen~ation and management implications
Most studies that specifically test for edge-related variation in nest predation rates have been done in woodlot landscapes dominated by agriculture (reviewed in Paton 1994 ). Nest predation rates are influenced by predator diversity. density, and behavior (Reitsma et al. 1990) , as well as the location of the nest site relative to predator distribution (Reitsma et al. 1990 , Leimgruber et al. 1994 . and level of brood parasitism (Pease and Grzybowski 1995) . The predator community and level of cowbird parasitism in agriculture-dominated landscapes may differ greatly from that found in the relatively undisturbed forest landscapes of the upper Great Lakes region (Donovan et al. 1997) , with many nest predators common in woodlot landscapes (e.g., raccoons, opossums. domestic cats and dogs. crows. and cowbirds) absent or rare in forestopening landscapes (Andren 1992) such as our study area (D. J. Flaspohler. personal observation). Similarly, areas between woodlots in an agricultural landscape may be ecologically different from clearcuts, the most common anthropogenic forest opening type in our study region. Such differences may influence predator abundance and behavior (Picman and Schriml 1994) . Differences in the predator community in different landscapes support Murcia's (1995) recommendation that edge effects be evaluated on a region by region basis. We suggest that a general theory emerging from this and other studies is that avian nest success is influenced by landscape structure and nest predator community composition at relatively local scales.
Researchers and managers must understand the mechanisms behind the population dynamics of individual species of songbirds if they are to prescribe management guidelines for species showing population declines (O'Connor 1992) . Our data provide insight into the interaction of forest openings and local pop- edge. Sample sizes (n)refer to the total number of nests used to generate the cumulative index for each species. Nests found in three years (1995) (1996) (1997) were pooled to generate the cumulative index of density.
ulation dynamics for eight species of songbirds. In our 1997). Our results demonstrate that extensive local-scale study, species and guilds appeared to respond differ-habitat perturbations, such as clearcuts, can have speently to habitat features. cies-and guild-specific effects on nest success and poWe agree with the view that conservation plans for tentially on productivity. Larger scale studies of how long-term viability of populations should consider re-edge-related phenomena affect regional populations are gional landscape conditions (Probst and Crow 1991, now 
